The capacity of ruminants to cope with periods of food shortage is the result of a long evolutionary process in natural harsh conditions, and further modified by man's intervention through selecting specialized breeds. When animals are underfed they mobilize their body reserves, which have then to be restored during the more favourable season in order to allow them to enter another cycle of reproduction. This mobilization of body reserves, which occurs even in non-productive animals, is amplified during pregnancy and lactation by the increase in physiological requirements. Distinctions should be made between different timescales: short-term adaptations due to diurnal feeding frequency or day-to-day changes in food availability; medium-term adaptations that appear within a few weeks; long-term adaptations that require animals to progress towards a new equilibrium in a different nutritional and/or physiological context.
Endocrine and metabolic responses to undernutrition are primarily aimed at maintaining, within certain limits, the constancy of the internal environment (homeostasis). Thus, short-, medium-and long-term adaptations in underfed animals result in the orderly mobilization of endogenous substrates (body reserves), sparing glucose and amino acids, plus lowering of metabolic rate and energy expenditure. Whereas homeostatic regulations are directed to the survival of individuals, teleophoretic (or homeorhetic; according to the Greek, 'homeorhesis' (Bauman & Vernon, 1993) means 'a steady flow', whereas 'teleophoresis' (Chilliard, 1986 (Chilliard, , 1999 means 'a transport that is oriented towards a goal') regulations ensure the perpetuation of the species through integrated reproductive functions (breeding, pregnancy, lactation and growth) . Teleophoretic hormones (produced mainly by the pituitary gland and reproductive organs) act chronically and coordinate changes in the metabolism of body tissues that are necessary to support a new physiological state by re-adjusting the homeostatic set points (Bauman & Vernon, 1993) . However, there can be some situations (especially in underfed animals) where the demands for teleophoresis lead to disruptions in homeostasis (e.g. ketosis, fatty liver and impaired reproduction; Chilliard, 1999) .
Changes in body fat during undernutrition
Body fat mobilization varies according to the severity of undernutrition (feeding level and duration) and to initial body fatness. In dry non-pregnant ewes that were moderately fat (290 g lipid/kg body weight (BW)) and fed at 40 % maintenance requirements for 8 weeks, the total lipid loss was 5·9 kg, i.e. 28 % initial lipids (F Bocquier and Y Chilliard, unpublished results) . Ewes differing largely in body lipid (10·3 v. 33·8 kg, i.e. 240 v. 430 g lipid/kg BW) and protein (6·0 v. 8·6 kg) content, and severely underfed for 21 weeks mobilized similar amounts of protein (1·6 v. 1·9 kg), but different amounts of fat (6·3 v. 15·4 kg; Panaretto, 1964) . Furthermore, in ewes that were either underfed or fed near maintenance level, body fat loss was higher in ewes that were initially fatter, despite the fact that feed intake was strictly adjusted to their individual BW ( Fig. 1 ). This finding suggests that the energy requirements on a per kg BW 0·75 basis are higher and/or the efficiency of energy utilization is lower in fat ewes, notwithstanding the fact that these ewes have a lower proportion of BW as lean tissues which are known to have a high O 2 consumption per mass unit ). This factor could reflect a feedback mechanism aimed at bringing the ewes back to their previous body fatness set point.
Dry Barbary ewes fed at 20 % maintenance requirements for 24 weeks lost 8·8 kg adipose tissue (AT), i.e. 85 % of their initial fat depots. In these ewes the supplementary fat depot of the tail (2-3 kg, i.e. 15-25 % of their total fat depots) has a priority equivalent to the perirenal fat depot, and is continuously mobilized until almost totally emptied after long-term underfeeding (Atti & Bocquier, 1999) . There is a clear difference of fatness between fat-tailed and thin-tailed types of ewes; at the same empty BW of 50 or 25 kg, the Barbary ewe is fatter (400 v. 110 g AT/kg empty BW) than a thin-tailed ewe of the Rasa Aragonesa breed (330 v. 60 g AT/kg empty BW respectively). This difference is due to both tail and subcutaneous fat depots (Teixeira et al. 1989; Atti & Bocquier, 1999) . Their high level of fatness, together with their ability to maintain a moderate rate of fat mobilization from the tail (i.e. at a slower rate than the other subcutaneous AT), may explain the long survival of the Barbary ewe during very severe underfeeding (Le Houérou, 1992) .
Body lipid loss during early lactation is highly variable, since the level of undernutrition depends on the milk yield (or the number of lambs being suckled), the appetite of the animals and the level of food supply. A loss of 30-40 % of the initial lipids (3-6 kg in ewes and goats, and 20-50 kg in dairy cows) in 6 weeks is very common, and can rise to 80 % of the body fat in underfed animals (Chilliard, 1987 (Chilliard, , 1999 . Body lipid loss is generally higher in suckling (mean 6·4 (SD 3·4) kg, in four trials) than in milking (mean 1·8 (SD 1·1) kg, in four trials) ewes . The lipid mobilization during lactation is clearly dependent on initial fatness in either thin- (Cowan et al. 1982) or fat-tailed ewes (Atti et al. 1995) , and in dairy cows (Chilliard, 1992) , when they are severely underfed. When the undernutrition is moderate, however, initial body fatness has only a limited influence on fat mobilization (Cowan et al. 1982) . Hence, in contrast to dry ewes (Panaretto, 1964) , lactating ewes are able to mobilize a large amount of body lipids without health problems (Cowan et al. 1980) . This difference between lactating and dry animals in managing an intense body lipid mobilization is probably related to the large mammary drain of non-esterified fatty acids (NEFA; see p. 130).
Adipose tissue lipogenesis
Ruminant body lipids can be either synthesized de novo, mainly in AT from acetate and to a lower extent from lactate, or arise from hydrolysis of plasma triacylglycerols (TG) by lipoprotein lipase (LPL). The decrease in the rates of fatty acid (FA) synthesis and LPL activity during fasting, and return to previous or higher values during refeeding, are slower in ruminants than in non-ruminants due to a buffering effect of the rumen ). In adult bovine animals, the lipogenic enzymes in subcutaneous AT are less responsive to underfeeding-refeeding compared with those in perirenal AT; however, LPL activity responds similarly in both AT sites of sheep and cattle (Faulconnier et al. 1999a ). These changes are due, at least in part, to pretranslational regulation of key enzymes such as LPL and FA synthase ). Among the two major LPL mRNA transcripts, the 3·4 kb transcript predominates (approximately 60 %) in sheep AT, whereas the 3·8 kb predominates in cardiac muscle (approximately 60 %). These values (assessed by real-time reverse transcription-polymerase chain reaction) were not changed by underfeeding-refeeding, despite large variations in the amounts of LPL total mRNA (Bonnet et al. 1999 ). Change in body lipids in thirty-six ewes that were fed for 12 weeks at either 110 % (l) or 50 % (m) initial maintenance energy requirements (MR; estimated as 310 kJ metabolizable energy/kg body weight 0·75 ). Ewes were previously either underfed or overfed in order to achieve different body fatness before the beginning of the experiment. Body lipids were measured, using the 2 H 2 O method, at the beginning of the experiment and 12 weeks later. At 110 % MR, y = −0·17x + 1·4, r 0·52; at 50 % MR, y = −0·18x − 3·8, r 0·69. (From F Bocquier, J Rouel and Y Chilliard, unpublished results.) The decrease in AT lipogenic activities during early lactation (Chilliard, 1987; Vernon, 1998) is probably linked more to the extent of the negative energy balance that occurs at this period than to lactation per se, since lipogenic activities are restored during the declining phase of lactation in dairy cows (McNamara, 1989; Chilliard, 1999) . However, it may be that lactation and negative energy balance interact to increase inhibition of AT lipogenesis. The decrease in the activity of acetyl-CoA carboxylase, a key enzyme of FA synthesis, during sheep lactation is due to a fall in the amount of acetyl-CoA carboxylase mRNA as well as several changes in post-transcriptional and posttranslational regulation (Vernon, 1998) .
Regulation of the amount and activity of key lipogenic enzymes during mid-term undernutrition is due in part to a decrease in insulin secretion. This homeostatic regulation of the lipogenic pathways is probably exacerbated by shortterm changes in plasma concentrations of insulin and lipogenic substrates, in particular the increase in NEFA, and the decreases in acetate, TG and, less marked, glucose . The increase in growth hormone (GH) secretion that is generally associated with undernutrition, and in particular with early lactation, is also of importance because this teleophoretic hormone markedly decreases AT response to the lipogenic effect of insulin (Bauman & Vernon, 1993) . The increase in plasma NEFA concentration may inhibit directly the gene expression or activity of lipogenic enzymes, such as ACC, but also induces insulin resistance. The insulin resistance of AT during lactation is specific for lipogenesis (lactate production and protein synthesis are unchanged) and is due to a defect downstream of the insulin receptor, at a late event in the signalling pathway (Vernon, 1998) . However, insulin was efficient in decreasing plasma NEFA in early lactating cows (Gagliostro & Chilliard, 1991) , but it is not known if this effect was on FA re-esterification and/or on the lipolytic cascade.
Adipose tissue lipolysis and fat mobilization
NEFA release from AT is the net result of lipolysis of adipocyte TG by hormone-sensitive lipase, and reesterification in situ of some of the liberated FA. Plasma NEFA concentration increases during fasting until a plateau (about 1 mM) is reached after 4-8 d. This effect probably results from anti-lipolytic feedback mechanisms to spare body lipids and so prolong survival (Vernon, 1992 (Vernon, , 1998 , and/or to alleviate toxic effects of high (2 mM) NEFA concentrations (Pethick & Dunshea, 1993) . The return to prefasting concentrations after refeeding is usually very rapid (1-2 d; Chilliard et al. 1998b ). However, the kinetics of plasma NEFA differed between Barbary and Lacaune ewes when food intake was kept at a constant low level (according to the initial BW). NEFA concentrations increased sharply in both breeds (Fig. 2) . Although the values remained close to the maximum for 13 weeks in Lacaune ewes, they declined steadily in Barbary ewes to 0·1-0·2 mM above those for the controls after 12 weeks, i.e. approximately 25-35 % of the initial response. The difference between the two breeds may reflect a better ability of Barbary ewes to decrease their energy expenditure during undernutrition .
The increased NEFA mobilization during the period of negative energy balance in early lactation (Chilliard, 1999) and during chronic undernutrition (Dunshea et al. 1988 ) is due to a decrease in FA re-esterification, together with increased lipolysis (Dunshea et al. 1990 ). Lipolysis is maintained as lactation progresses, but re-esterification increases (in agreement with in vitro data: McNamara, 1989; Gagliostro & Chilliard, 1991) , providing an important teleophoretic substrate cycle which is energetically expensive, but offering metabolic flexibility to maintain the potential for rapid changes in the flow of FA substrates to other tissues.
Regulation by catecholamines
The changes in fat mobilization during underfeeding can be linked to changes in glycaemia and insulinaemia, and to changes in the activity of the sympathetic nervous system and the secretion of catecholamines. Indeed, glucose and insulin stimulate FA re-esterification, whereas insulin inhibits lipolysis and catecholamines generally stimulate lipolysis (Vernon, 1992; Chilliard et al. 1998b ). Effects of fasting or underfeeding on in vitro basal and/or catecholamine-stimulated lipolysis are inconsistent, although fasting decreased the number of anti-lipolytic adenosine receptors, and increased the affinity of β-adrenergic receptors (Houseknecht et al. 1995 ) and the expression of hormone-sensitive lipase gene in the AT of cattle. The in vivo plasma NEFA response to a β-adrenergic challenge (intravenous injection) in dry non-pregnant cows is markedly decreased after consumption of a meal and increased by mid-term underfeeding. However, the effect of the consumption of a smaller meal was not significant in underfed animals, due to either a lower post-feeding insulin secretion or insulin resistance in underfed cows (Chilliard et al. 1998c ). The β-adrenergic response to underfeeding is due in part to the β 2 -adrenergic response, whereas there is no lipolytic effect of a β 1 -agonist intravenously infused in cattle (Ferlay & Chilliard, 1999) . In dry non-pregnant underfed ewes the in situ glycerol response to adrenaline infusion into AT, using microdialysis, was mimicked by isoproterenol (ISO; β-agonist), suggesting a low contribution of the anti-lipolytic α 2 adrenergic pathway. The β-adrenergic response was partly reproduced by a selective β 2 -agonist, but not by a selective β 3 -agonist (Ferlay et al. 1998 ).
The lipolytic sensitivity of different AT to ISO or adrenaline addition in vitro was ten times greater in the fat-tailed Karakul breed than in thin-tailed Outaouais ewes (Gilson et al. 1996) . This factor could allow the control of fat mobilization by small changes in the secretion of catecholamines, and possibly facilitate the adaptation to seasonal underfeeding in fat-tail ewes.
Lactation increases both maximum response and sensitivity to catecholamines, with increases in the number of β-adrenergic receptors and in adenylate cyclase activity (Vernon et al. 1995a ). However, the response to the antilipolytic factor, adenosine, is also increased during lactation (Vernon, 1998) . Furthermore, the in vivo response of plasma NEFA to a β-adrenergic challenge is lower in lactating animals than in dry animals at similar energy balance, because the high rate of NEFA use by the mammary gland allows a greater expression of the AT lipolytic potential without a major increase in plasma NEFA concentrations (Pethick & Dunshea, 1993; Chilliard et al. 1998c) .
Regulation by growth hormone
Exogenous GH increases the lipolytic effect of adrenaline challenge in lactating cows (Bauman & Vernon, 1993) . It is not clear whether GH acts directly or through a decrease in energy balance (due to increased milk yield), because GH administration does not change the NEFA response to adrenaline or ISO challenge in dry non-pregnant, underfed or overfed, cows (Ferlay et al. 1996) . Exogenous GH in lactating cows does not change in vitro AT β-adrenergic response but decreases the anti-lipolytic effect of adenosine, downstream of its receptor, by a mechanism different from that of fasting (Houseknecht & Bauman, 1997) . One hypothesis is that the β-adrenergic lipolysis is less responsive to GH in dry cows because they lack other teleophoretic factors (e.g. glucocorticoids, as suggested by Vernon (1998) ) that are known to increase both β-adrenergic lipolytic and adenosine anti-lipolytic effects, and that could allow indirect GH effects via the adenosine signalling pathway in lactating cows.
A permissive and dual action of GH on AT metabolism is suggested by the fact that in GH-treated dairy cows there is a change from a higher mobilization towards a greater deposition of body lipids when the GH treatment is prolonged for several months (Chilliard, 1999) , i.e. AT metabolism is linked to the temporal fluctuations in energy balance, with a recovery period allowed by respective changes in milk yield and energy intake. There are, however, only limited metabolic data from long-term studies. In dairy goats AT lipogenesis and glucose utilization were still decreased by GH after 22 weeks of treatment (Vernon et al. 1995b) .
Relationship with adipose cell size or body fatness
Rates of in vitro ISO-stimulated (but not basal) lipolysis per adipocyte are higher in AT explants of fat ewes with larger adipocytes (Vernon et al. 1995a) . It is noteworthy that in the Karakul ewe the fat-tail depot has smaller adipocytes and is less responsive in vitro to ISO or adrenaline than other fat depots (Gilson et al. 1996) . This factor may be involved in the moderate rate of mobilization (Atti & Bocquier, 1999) of this particular fat depot.
Response to an ISO challenge is primarily related to the amount of body lipids in well-fed lactating ewes, but to energy balance when animals are underfed . The influence of energy balance on the correlation between in vivo β-adrenergic lipolysis and body fatness in ruminants was recently confirmed in both dry cows (A Ferlay and Y Chilliard, unpublished results) and dry ewes (Fig. 3) . Within the thirty-six ewes fed at either 0·5 or 1·1 times maintenance requirements (Fig. 3) , 54 and 10 % of the variance in basal (postprandial) plasma NEFA concentrations were explained by body fatness and feeding level respectively. In contrast, 22 and 46 % of the variance in preprandial plasma NEFA concentrations, and 2 and 50 % of the variance in the response of plasma NEFA to an ISO challenge were explained by body fatness and feeding level respectively. These results suggest that the NEFA response to an ISO challenge reflects the lipolytic potential of the AT of underfed animals. This lipolytic potential would be regulated primarily according to physiological needs and secondarily by the amount of lipid stores, with the probable exception of very lean animals which do not have enough AT to respond to physiological needs (Chilliard, 1992) . However, the basal (postprandial) plasma NEFA concentration is mainly linked to initial body fatness (Fig. 3) . On the other hand, the preprandial plasma NEFA concentration, which was related to both feeding level and body fatness, was the best predictor (r 0·68, n 36) of the subsequent rate of body lipid loss (Fig. 1) .
There was no desensitization to an ISO challenge in dry non-pregnant cows (Ferlay & Chilliard, 1999) or ewes (F Bocquier, A Ferlay and Y Chilliard, unpublished results), after 4 or 12 weeks of underfeeding at 60 or 50 % MR respectively. This result conforms to the notion that the β-adrenergic lipolytic potential is increased by underfeeding to a level above that required to cover the physiological needs.
These observations can be compared with results obtained either in vivo or in vitro with lactating cows. Basal and ISO-stimulated plasma NEFA concentrations were highly correlated with the energy balance of the animals, while the correlation with adipocyte size was lower (which reflects body lipid content); however, the opposite was true for in vitro basal and ISO-stimulated NEFA release by AT explants incubated for 90 min immediately after biopsy (Gagliostro & Chilliard, 1991) . This finding suggests that the short-term in vitro lipolytic activity and response to ISO are more related to AT cellularity than to the physiological conditions operating in vivo before AT sampling, and could explain the inconsistent responses of in vitro lipolysis to in vivo nutritional or physiological changes (Bauman & Vernon, 1993) . The higher rates of lipolysis both in vitro and in vivo for animals in positive energy balance when AT has larger fat cells may be due to the higher production by these cells of autocrine or paracrine factors, such as leptin or tumour necrosis factor α (RG Vernon, personal communication), that limit cell enlargement.
It can be concluded from these observations that fat mobilization is physiologically related both to body fatness and to day-to-day energy balance. A drop in energy balance is primarily related to an increase in the in vivo β-adrenergic lipolytic potential, thus ensuring fuel availability for survival. However, the actual rate of fat mobilization results from a fine modulation of this lipolytic potential by known or unknown factors, aimed at ensuring a return to the body fatness set point and/or avoiding excessive mobilization. These factors could also play a role in the lower energetic efficiency of fat ewes (Fig. 1) , and may be viewed as the price that fat animals have to pay for a longer survival ability.
Role of adipose tissue in adaptation to undernutrition

Intermediary metabolism
During fasting in dry animals fat mobilization can account, in theory, for total energy requirements, and thus spare glucose and amino acids as oxidative fuels (Pethick & Dunshea, 1993) . During early lactation the NEFA released by AT contribute directly and substantially to milk fat secretion and to oxidative energy metabolism in different tissues, and thus spare glucose and amino acids for the mammary gland (Vernon, 1998; Chilliard, 1999) .
When ruminants are in positive energy balance ketone bodies arise mainly from metabolism of butyrate by the rumen wall. During undernutrition whole-body ketogenesis increases through partial oxidation of NEFA and TG, with the main site of synthesis being the liver. The ability of non-AT tissues to utilize NEFA and ketone bodies, and of liver to synthesize TG and to secrete lipoproteins, avoids attainment of toxic concentrations of plasma NEFA and determines whether clinical ketosis and/or liver steatosis will be established. The differences in hepatic metabolism of NEFA between ruminants and rats, mainly orientated towards ketone body production in ruminants or lipoprotein synthesis in rats, may explain the fact that undernutrition markedly decreases plasma TG as well as heart and skeletal muscle LPL activities and mRNA in ruminants but not in rodents (Bonnet et al. 1999; Faulconnier et al. 1999a,b) .
The duration of survival of the animal then depends on the level of body reserves before undernutrition, and on the kinetics and physiological limits of fat and protein Fig. 3 . Relationship between body fatness and either basal plasma (postprandial) non-esterified fatty acids (NEFA) or the response to an isoproterenol (ISO) challenge. Ewes were fed at 0·5 (p; n 18) or 1·1 (s; n 18) times maintenance requirements (MR) for 12 weeks, or refed (m; n 36) at 2·3 times MR for 5 d. (From F Bocquier, J Rouel, A Ferlay and Y Chilliard, unpublished results.) mobilization. Few data are available in ruminants, but extensive studies in human subjects, rats and birds (Cherel et al. 1992) have shown that in lean animals the duration of fasting is limited by lipid exhaustion, and hence by energy availability for gluconeogenesis from mobilized amino acids. However, during underfeeding fat ewes died before less than 25-30 % of their body protein and 50 % of their body lipids were mobilized (Panaretto, 1964) . The animals did indeed stop eating, probably because of metabolic disturbances caused by excessive lipid mobilization. Thus, body fat cannot prevent body protein loss, and too much fat may even inhibit behavioural adaptations that anticipate lethal depletion of body protein or metabolic disturbances.
Leptin and neuroendocrine regulations
Apart from a role as an energy store, AT acts as an endocrine gland that secretes several autocrine, paracrine and endocrine factors. Leptin is secreted by adipocytes and has a role as a chronically-acting lipostatic factor that regulates appetite, energy expenditure and reproduction, as demonstrated in rodents (Friedman & Halaas, 1998) . It was also proposed that the decrease in plasma leptin concentration during starvation would be central to the neuroendocrine adaptations that ensure animal survival, because exogenous leptin administration substantially blunts the usual responses in thyroxine, corticosterone and gonadal activity to starvation in mice (Ahima et al. 1996) . Thus, the low leptin concentration during undernutrition could yield an acute signal for increased feeding, higher glucocorticoid secretion, lower thyroid activity, lower energy expenditure and protein synthesis, and decreased reproductive activity (Friedman & Halaas, 1998; Heiman et al. 1999) .
Such a putative role for leptin in ruminants is in keeping with our results showing that sheep AT leptin mRNA is decreased by underfeeding, as is plasma immunoreactive leptin in cattle and sheep Fig. 4 ). Furthermore, plasma leptin is decreased by a β-agonist infusion in cattle, and positively correlated with body fatness in cattle and sheep ). This correlation could be related to the reduced appetite and lower energetic efficiency of fat animals. In vitro, insulin and glucocorticoids stimulate leptin yield by sheep AT explants (Y Faulconnier, C Delavaud and Y Chilliard, unpublished results) and leptin mRNA in cattle AT explants, whereas GH blocks these effects (Houseknecht et al. 1998) . From these results a decrease in ruminant plasma leptin could be anticipated during early lactation when plasma insulin is low, plasma GH and NEFA are high, and AT is insulin resistant and more sensitive to catecholamines. Furthermore, lactation was shown to suppress the nocturnal rise in plasma leptin in rats, which could be a factor promoting hyperphagia during lactation (Pickavance et al. 1998) .
Another aspect of adaptation to undernutrition is the interaction between reproduction and seasonal factors, including fluctuations of day length, food availability and the level of body reserves. This interaction may prevent emaciated animals from risks linked with the high nutritional demand of subsequent pregnancy and lactation, which may impair the survival of both the mother and the offspring (Ortavant et al. 1988) . We have observed that luteinizing hormone pulsatility is more sensitive to undernutrition when ewes contain less than 150-200 g fat/kg BW (F Bocquier, A Caraty, P Chemineau and Y Chilliard; unpublished results).
We investigated the effect of day length on AT metabolism in ovariectomized ewes that were pair-fed. Short days decrease both AT leptin expression and plasma leptin, increase plasma NEFA and decrease the activities of lipogenic enzymes (especially LPL and malic enzyme) in AT . The lipolysis-lipogenesis results suggest that day length could change the homeostatic set points in AT, thus anticipating body fat mobilization during winter undernutrition, and restoration when food availability is high during spring or summer. On the other hand, the leptin data suggest that long days could induce a leptin resistance of the brain regions that regulate appetite and reproduction, because long days usually stimulate food intake and inhibit reproduction in sheep. Such a leptin resistance would also favour the rebuilding of body stores before the future breeding season that will be induced by decreasing day length. Complex temporal interactions between hypothalamic and pituitary hormones, insulin, glucocorticoids, catecholamines and leptin are probably involved in these regulations . These observations suggest that leptin is acting as a homeostatic as well as a teleophoretic hormone.
Conclusion
AT metabolism is highly reactive and finely regulated, to act both as an energy-storage tissue and as an endocrine gland. It is exposed to short-term homeostatic regulation linked to nutritional status and changes in environment, to long-term teleophoretic regulation linked to physiological status, and also to anticipatory homeostatic or teleophoretic regulation, e.g. by photoperiod. Furthermore, long-term homeostasis is ensured by feedback mechanisms that favour the return to Fig. 4 . Effect of the level of energy intake on plasma immunoreactive leptin in cattle (m, eighteen cows; l, five cows) and sheep (p, s, eight ewes). All animals were dry and non-pregnant, and received successively each feeding level in the trials. MR, maintenance requirement. (Adapted from Chilliard et al. 1998a.) the body lipid set point after any change in body fat deposition or mobilization.
